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DELAY CIRCUIT 

BACKGROUND OF THE INVENTION 

The present invention relates of a delay circuit using 
charging/discharging of a capacitor and to a device using the 
delay circuit. 
An example of a conventional delay circuit using 

charging/discharging of a capacitor is shoWn in FIG. 2. First, 
the operation of this delay circuit Will be described. 
At an initial state, since a sWitch 1 is turned ON (closed) 

and a sWitch 2 is turned OFF (opened), a terminalAto Which 
a capacitor 7 is connected has a potential of (V1—V2). In 
order to start the operation of this delay circuit, a signal is 
supplied to an input terminal 11. When the signal enters the 
input terminal 11, a control circuit 8 turns OFF the sWitch 1 
and turns ON the sWitch 2. A constant current source 12 is 
connected to the terminal A, and the electric charge of the 
capacitor 7 also connected to the terminal A is discharged. 
When the potential of the terminal A reaches a potential 

V3 of a reference voltage 5, the output of a comparator 9 is 
inverted. Since it takes some time to discharge, this circuit 
is used as a delay circuit. Here, a time from the start of the 
operation of the control circuit 8 to the inversion of the 
output of the comparator 9 becomes a delay time. 

This operation is shoWn in FIG. 3. The horiZontal axis 
indicates time, and the vertical axis indicates voltage. At the 
initial state, although the potential at the terminal A in FIG. 
2 is (V1-V2), the capacitance is discharged through constant 
current from a time ta When the signal is supplied to the input 
terminal 11, so that the potential at the terminal Ais loWered. 
Thereafter, When the potential at the terminal A reaches the 
potential V3 of the reference voltage 5, the output voltage of 
the comparator is inverted. 
When a capacitance value of the capacitor 7 is C0, and a 

constant current value of the constant current source 12 is I0, 
a delay time T0 may be represented by the folloWing 
Equation 1: 

When the capacitance value C0 is made large or the 
constant current value I0 is made small, the delay time can 
be extended. On the other hand, When the capacitance value 
C0 is made small or the constant current value I0 is made 
large, the delay time can be shortened. 

In the case of the delay circuit using charging/discharging 
of the capacitor shoWn in FIG. 2 as the prior art, there are 
problems as described beloW. 

In the delay circuit described thus far, a problem occurs 
When the terminal A to Which the capacitor 7 is connected is 
short-circuited to an abnormal voltage such as the potential 
V1. In the case Where the terminal A to be connected to the 
capacitor 7 comes to have a voltage higher than (VI-V2), 
the inverted input terminal of the comparator 9 does not 
become loWer than V3. Thus, the output of the comparator 
9 is not inverted. This means that the delay is not realiZed, 
and the delay time is extended Without limit. FIG. 4 shoWs 
potentials at this time. The terminal A to Which the capacitor 
7 is connected, is connected in an abnormal state and has the 
potential V1. Thus, the voltage at the terminal A is alWays 
at the potential V1, and the output of the comparator 9 is not 
inverted. 

This delay circuit is also used as a protecting circuit or an 
erroneous operation preventing circuit. For example, in a 
lithium ion battery, When a voltage becomes too high, there 
is a risk that it may cause a ?re. Thus, an overcharge 
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2 
preventing circuit is provided. The delay circuit can also be 
used for the overcharge preventing circuit. In addition a 
delay circuit is also used in a charger for lithium ion batteries 
to set a charging time (charge stop circuit) and the like. Thus, 
When the terminal Ato Which the capacitor 7 is connected as 
shoWn in FIG. 1 is short-circuited to a voltage higher than 
(V1-V2), the overcharge preventing circuit or the charge 
stop circuit does not Work, and a very dangerous state 
occurs. If the delay of the charger does not Work, charging 
is continues permanently, and heat generation of the charger 
and the lithium ion battery is advanced. This causes a very 
dangerous state such that a ?re or heat generation of the 
apparatus may occur. 

In a circuit provided for protection or improvement of 
safety, even if a problem occurs, some protection must Work. 
A so-called fail-safe must be realiZed. In the case of the 
present invention, it is required that even if the delay time is 
shortened, an output voltage is inverted and a signal is 
transmitted to the outside. 

SUMMARY OF THE INVENTION 

In a delay circuit using charging/discharging of a capaci 
tor to set a delay time, there is added a voltage detecting 
circuit for detecting Whether a terminal voltage of the 
capacitor has exceeded a predetermined voltage range. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an explanatory vieW shoWing an embodiment of 
a delay circuit of the present invention. 

FIG. 2 is an explanatory vieW shoWing a conventional 
delay circuit. 

FIG. 3 is an explanatory vieW showing the state change of 
the conventional delay circuit. 

FIG. 4 is an explanatory vieW shoWing the state change of 
the conventional delay circuit. 

FIG. 5 is an explanatory vieW shoWing the state change of 
an embodiment of a delay circuit of the present invention. 

FIG. 6 is an explanatory vieW shoWing the state change of 
the embodiment of the delay circuit of the present invention. 

FIG. 7 is an explanatory vieW shoWing another embodi 
ment of a delay circuit of the present invention. 

FIG. 8 is an explanatory vieW shoWing the state change of 
the other embodiment of the delay circuit of the present 
invention. 

FIG. 9 is an explanatory vieW shoWing the state change of 
the other embodiment of the delay circuit of the present 
invention. 

DETAILED DESCRIPTION 

In a delay circuit using charging/discharging of a capaci 
tor to set a delay time, a voltage detecting circuit for 
detecting Whether a terminal of the capacitor has exceeded 
a voltage range in Which charging/discharging is performed, 
is added so that the delay time is completed Without fail. 
An embodiment of this is shoWn in FIG. 1 and the 

operation of this delay circuit Will be described. 
At an initial state, a sWitch 1 is turned ON (closed), and 

a sWitch 2 is turned OFF (opened). A terminal A to Which a 
capacitor 7 is connected has a potential obtained by sub 
tracting a potential V2 of a reference voltage 4 from a 
potential V1 of a poWer source voltage 3 in advance. In order 
to start the operation of this delay circuit, a signal is supplied 
to an input terminal 11. When the signal enters the input 
terminal 11, a control circuit 8 turns OFF the sWitch 1 and 
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turns ON the switch 2. It is assumed that comparators 9 and 
13 are always turned ON. A constant current source 12 is 
connected to the terminal A, and the capacitance 7 also 
connected to the terminal A is discharged. 
When the potential of the terminal A reaches a potential 

V3 of a reference voltage 5, the output of the comparator 9 
is inverted. Since it takes some time to discharge, this circuit 
can be used as a delay circuit. Here, the time from the start 
of the operation of the control circuit 8 to the inversion of the 
output of the comparator 9 becomes a delay time. 
When the capacitance of the capacitor 7 is C0, and the 

constant current value of the constant current source 12 is I0, 
the delay time T0 may be represented by the folloWing 
Equation 2: 

Voltage changes at the terminal and the output terminal 
become the same as those illustrated in FIG. 3. 

NoW, consider a case of abnormal operation in Which the 
connection betWeen the capacitor 7 and the terminal A is 
opened by an external factor. In such an open state, at the 
same time as the operation of the control circuit 8, the 
potential at the terminal Ais loWered by the constant current 
source 12, and the inverted input terminal of the comparator 
9 becomes V3 of less. By this, the output of the comparator 
9 is inverted in a state Where there is little delay time. Even 
in the case Where the terminal A to Which the capacitor 7 is 
connected, is short-circuited to an improper Wiring line such 
as by being connected to a ground potential by an external 
factor, When the control circuit 8 is operated, since the 
voltage of the terminal A is V3 or less, the output of the 
comparator 9 is inverted in a state Where there is little delay 
time, and safety is increased. This is shoWn in FIG. 5. 
On the other hand, there is a case Where the terminal Ato 

Which the capacitor is connected, is connected to an abnor 
mal voltage such as a potential higher than (V1-V2) by an 
external factor. In the prior art, in this case, the output 
terminal voltage is not inverted permanently. In the embodi 
ment of the present invention, this is improved. That is, 
When the terminal A is connected to a potential V4 higher 
than (V1-V2), the output voltage is inverted in a state Where 
there is little delay time, and safety is increased. 
As speci?c example, a case Where the capacitor 7 is 

short-circuited to the potential V1 of the poWer source Will 
be described. 

In this state, When the control circuit 8 starts to operate, 
since the potential of the terminal Abecomes higher than V4 
and higher than (V1-V2), the output of the comparator 13 
provided in the present invention is inverted. In the state 
described thus far, there is little delay time and the output 
voltage of the comparator is inverted. The voltage changes 
in this example are shoWn in FIG. 6. 

Another embodiment is shoWn in FIG. 7. Although this 
circuit operates in the same Way as the circuit of FIG. 1, 
connection of capacitance 7 and constant current source 12 
is different from FIG. 1. 
At an initial state, a sWitch 1 is turned ON (closed), and 

a sWitch 2 is turned OFF (opened). A capacitor 7 has a 
potential V2 of a reference voltage in advance. 

In order to start the operation of this delay circuit, a signal 
is given to an input terminal 11. When the signal enters the 
input terminal 11, a control circuit 8 turns OFF the sWitch 1 
and turns ON the sWitch 2. A constant current source 12 is 
connected to a terminal A, and the capacitor 7 also con 
nected to the terminalAis discharged. When the potential at 
the terminal A reaches a value obtained by subtracting a 
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4 
potential V3 of a reference voltage 5 from a potential V1 of 
a poWer source voltage, the output of a comparator 13 is 
inverted. The voltage changes at this time are shoWn in FIG. 
8. 
When the terminal Ato Which the capacitor is connected, 

is connected to a potential loWer than V4 by an external 
factor or is connected to a potential higher than (VI-V3), 
the output of the comparator 9 or the comparator 13 is 
inverted in a state Where there is little delay time. 

In the example of FIG. 1, although the potential of the 
terminal A is set at the potential of (V1-V2) in advance, this 
potential may be any potential of V1 to the ground. 

Before the voltage of the input terminal is changed, even 
if the potential of the capacitor is V1 or the ground potential, 
the present invention can be realiZed. This can be also 
explained by the circuit shoWn in FIG. 1. At an initial state, 
both the sWitches 1 and 2 are turned OFF. The capacitor 7 
has been made to have the ground potential in advance. At 
this time, all of the sWitches 1 and 2, and the comparators 9 
and 13 are turned OFF. In order to start the operation of this 
delay circuit, a signal is given to the input terminal 11. When 
the signal enters the input terminal 11, the control circuit 8 
turns ON the sWitch 1 so that the capacitor 7 is ?rst charged 
up to a potential of (V1-V2). Thereafter, the sWitch 1 is 
turned OFF, the sWitch 2 is turned ON, and the comparators 
9 and 13 are put in an operable state. The constant current 
source 12 is connected to the terminal A, and the capacitor 
7 also connected to the terminal A is discharged. When the 
potential at the terminal A reaches the potential V3 of the 
reference voltage 5, the output of the comparator 9 is 
inverted. The potential changes of the terminalAvoltage and 
the output terminal at this time are shoWn in FIG. 9. 

It does not matter if the potential of the capacitor at the 
initial stage is not VSS. That is as long as the comparator is 
turned OFF at the initial state, the potential of the capacitor 
4 may have any state. 
Although the foregoing embodiments have been 

described, the present invention can be carried out even if 
input terminals of the comparators or the output logic is 
assembled in any manner. 
The embodiments described thus far can be constructed 

With a semiconductor integrated circuit. At that time, a 
capacitance is dif?cult to be assembled in the integrated 
circuit, and is connected to the outside. Thus, the present 
invention displays effectiveness. 

According to the present invention, as described above, 
only a simple circuit is added, such an operation is made that 
an output potential is changed even at an abnormal time 
When a capacitance becomes an open state or is short 
circuited to a poWer source voltage potential or a ground 
potential, so that there are effects that the reliability of the 
entire apparatus is increased and the safety is improved. 
What is claimed is: 
1. A delay circuit comprising: a ?rst circuit for charging/ 

discharging a capacitor to set a delay time in accordance 
With a capacitance value of the capacitor; and a second 
circuit operative When one terminal of the capacitor 
becomes one of short-circuited to an abnormal voltage level, 
open-circuited, and short-circuited to an improper Wiring 
line to reduce the delay time. 

2. A delay circuit according to claim 1; Wherein the ?rst 
circuit comprises a voltage source to Which a ?rst terminal 
of the capacitor is connected to provide a charging path for 
charging the capacitor, a discharging path connected to the 
capacitor for discharging the capacitor, and a ?rst comparing 
circuit for comparing a voltage at one of the terminals of the 
capacitor to a ?rst reference voltage and producing an output 
signal in accordance With the comparison result. 
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3. A delay circuit for charging/discharging a capacitor to 
set a delay time, comprising: a capacitor; a circuit for 
controlling the charging and discharging of the capacitor in 
accordance With an input signal; and a comparator for 
comparing a voltage at a ?rst terminal of the capacitor With 
at least a ?rst reference voltage and a second reference 
voltage higher than the ?rst reference voltage and producing 
an output signal in accordance With the comparison result; 
Wherein the circuit for controlling the charging and discharg 
ing of the capacitor comprises a voltage source to Which the 
?rst terminal of the capacitor is connected to provide a 
charging path for charging the capacitor, and a discharging 
path connected to the capacitor for discharging the capacitor. 

4. A delay circuit according to claim 3; 
Wherein the circuit for controlling the charging and dis 

charging of the capacitor further comprises a ?rst 
sWitch disposed betWeen the ?rst terminal of the 
capacitor and the voltage source, a second sWitch 
disposed in the discharging path for controlling the 
discharging of the capacitor, and a control circuit for 
receiving an input signal, producing a ?rst output signal 
for controlling the ?rst sWitch to control charging of the 
capacitor through the charging path in response to the 
input signal, and producing a second output signal for 
controlling the second sWitch to control discharging of 
the capacitor through the discharging path in response 
to the ?rst signal. 

5. A delay circuit according to claim 4; Wherein the ?rst 
sWitch is a normally closed sWitch and the second sWitch is 
a normally open sWitch, such that the capacitor is normally 
maintained in a charged state, and the control circuit is 
responsive to the input signal to open the ?rst sWitch and 
close the second sWitch so that the capacitor discharges 
through the discharging path and an output signal of the 
comparing circuit has a transition point at the delay time. 

6. A delay circuit comprising: 
a ?rst circuit for charging/discharging a capacitor to set a 

delay time in accordance With a capacitance value of 
the capacitor and having a voltage source to Which a 
?rst terminal of the capacitor is connected to provide a 
charging path for charging the capacitor, a discharging 
path connected to the capacitor for discharging the 
capacitor, and a ?rst comparing circuit for comparing a 
voltage at one of the terminals of the capacitor to a ?rst 
reference voltage and producing an output signal in 
accordance With the comparison result; 

a second circuit operative When one terminal of the 
capacitor becomes one of short-circuited to an abnor 
mal voltage level, open-circuited, and short-circuited to 
an improper Wiring line to reduce the delay time; 

a ?rst sWitch disposed betWeen the ?rst terminal of the 
capacitor and the voltage source for controlling the 
charging of the capacitor; 

a second sWitch disposed in the discharging path for 
controlling the discharging of the capacitor; and 

a control circuit for receiving an input signal, producing 
a ?rst output signal for controlling the ?rst sWitch to 
control charging of the capacitor through the charging 
path in response to the input signal, and producing a 
second output signal for controlling the second sWitch 
to control discharging of the capacitor through the 
discharging path in response to the input signal. 

7. A delay circuit according to claim 6; Wherein the ?rst 
sWitch is a normally closed sWitch and the second sWitch is 
a normally open sWitch, such that the capacitor is normally 
maintained in a charged state, and the control circuit is 
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6 
responsive to the input signal to open the ?rst sWitch and 
close the second sWitch so that the capacitor discharges 
through the discharging path and the ?rst comparing circuit 
produces an output signal having a transition point at the 
delay time. 

8. A delay circuit according to claim 7; Wherein the 
second circuit comprises a second comparing circuit for 
comparing a voltage at one of the terminals of the capacitor 
to a second reference voltage higher than the ?rst reference 
voltage and producing an output signal in accordance With 
the comparison result. 

9. A delay circuit according to claim 8; Wherein the 
second circuit further comprises a logic circuit for receiving 
output signals of the ?rst and second comparing circuits and 
producing an output signal in accordance thereWith. 

10. A delay circuit according to claim 9; Wherein the 
second comparing circuit produces an output signal having 
a predetermined level When the voltage at the one of the 
terminals of the capacitor is above the second reference 
voltage and the logic circuit outputs a signal having the 
predetermined level When the output signal of either of the 
?rst and second comparing circuits has the predetermined 
level. 

11. A delay circuit according to claim 10; Wherein the 
logic circuit comprises an OR gate. 

12. A delay circuit according to claim 8; Wherein the 
second reference voltage is set at a value higher than the ?rst 
reference voltage so that When a terminal of the capacitor 
becomes short-circuited to an abnormal voltage level the 
second comparing circuit produces an output signal effective 
to reduce the delay time. 

13. A delay circuit comprising: a capacitor; a charging/ 
discharging control circuit receptive of an input signal for 
controlling at least one of the charging and the discharging 
of the capacitor to set a predetermined delay time in accor 
dance With a capacitance value of the capacitor; and a 
comparing circuit for comparing a voltage at a ?rst terminal 
of the capacitor With a ?rst reference voltage to produce an 
output signal having a transition point after the predeter 
mined delay time has elapsed during one of charging and 
discharging of the capacitor, and comparing a voltage at the 
?rst terminal of the capacitor With a second reference and 
producing an output signal When the voltage at the ?rst 
terminal of the capacitor is higher than the second reference 
voltage so that the delay time is reduced When the ?rst 
terminal of the capacitor becomes short-circuited to an 
abnormally high voltage level. 

14. A delay circuit according to claim 13; Wherein the 
charging/discharging control circuit comprises a voltage 
source to Which the ?rst terminal of the capacitor is con 
nected to provide a charging path for charging the capacitor, 
and a discharging path connected to the capacitor for dis 
charging the capacitor. 

15. A delay circuit according to claim 14; Wherein the 
charging/discharging control circuit further comprises a ?rst 
sWitch disposed betWeen the ?rst terminal of the capacitor 
and the voltage source, a second sWitch disposed in the 
discharging path for controlling the discharging of the 
capacitor, and a control circuit for receiving an input signal, 
producing a ?rst output signal for controlling the ?rst sWitch 
to control charging of the capacitor through the charging 
path, and producing a second output signal for controlling 
the second sWitch to control discharging of the capacitor 
through the discharging path. 

16. A delay circuit according to claim 15; Wherein the ?rst 
sWitch is a normally closed sWitch and the second sWitch is 
a normally open sWitch, such that the capacitor is normally 
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maintained in a charged state, and the control circuit is 
responsive to the input signal to open the ?rst sWitch and 
close the second sWitch so that the capacitor discharges 
through the discharging path and a level of an output signal 
of the cornparing circuit has a transition point after the 
predetermined delay time. 

17. A delay circuit according to claim 16; Wherein the 
cornparing circuit comprises a ?rst cornparing circuit for 
comparing a voltage at the ?rst terminal of the capacitor to 
a ?rst reference voltage and producing a ?rst output signal 10 
in accordance With the comparison result and a second 
cornparing circuit for comparing the voltage at the ?rst 
terminal of the capacitor to a second reference voltage 

8 
higher than the reference voltage and producing a second 
output signal in accordance With the comparison result. 

18. A delay circuit according to claim 16; Wherein the 
second circuit further comprises a logic circuit for receiving 
the ?rst and second output signals of the ?rst and second 
cornparing circuits and producing an output signal in accor 
dance thereWith. 

19. A delay circuit according to claim 13; Wherein the 
output signal of the cornparing circuit becornes inverted in 
level When the voltage at the ?rst terminal of the capacitor 
crosses over either of the ?rst and second reference voltages. 

* * * * * 


